We have previously reported the antimicrobial activity of the ethyl acetate extract of Marcetia latifolia, particularly against Candida parapsilosis. In this work we describe the isolation of two new cycloartane-type triterpenes, 28,29-bis-norcycloartan-3β,4α-diol (1) and 28,29-bis-norcycloart-24-en-3β,4α-diol (2) from the same extract. These compounds were mainly characterized by one-( 1 H, 13 C and APT) and two-dimensional ( 1 H-1 H-COSY, 1 H-1 H-NOESY, HMQC and HMBC) NMR spectroscopy, mass spectrometry and comparison with published structural data. In addition, the activity of triterpenes 1 and 2 on the Candida protease target was investigated by in silico methods using molecular docking.
Triterpenoids represent an important class of natural products that are widely found and which have been shown to have biological activity [1, 2] . In the Melastomataceae, monohydroxylated pentacyclic triterpenoids have been isolated based upon various skeletons, such as ursane, oleanane, fernane and lupane [3] [4] [5] . However, it is very common to find substitution with a vicinal hydroxyl on ring-A between C-2 and C-3, for example, bartogenic acid, arjunolic acid, myrianthic acid and sumaresinolic acid [6] [7] [8] [9] [10] .
Candidemia is an infection caused by species of the yeast Candida and is one of the most prevalent invasive fungal diseases worldwide. C. albicans is of the foremost importance as an opportunistic pathogen in immunocompromised hosts, which may cause a life threatening infection. In recent years, an increase in opportunistic infections caused by other Candida species such as C. parapsilosis and C. glabrata has been reported. C. parapsilosis is less invasive than C. albicans, but is one of the leading causative agents of yeast infections being an emerging etiologic agent of fungal infection [11] . This study describes the determination of the structure of two novel cycloartenol-type triterpenes (1 and 2) in a mixture from the ethyl acetate extract of Marcetia latifolia Naud. using NMR spectroscopic techniques and chemical transformations. Due to the strong inhibition of Candida parapsilosisthis produced by the extract [12] , we also investigated the affinity of these natural products against a possible target of C. parapsilosis using a molecular docking technique.
The M. latifolia ethyl acetate extract was eluted over a silica gel column to yield compound 1 (Figure 1 ). The 1 H NMR spectrum of 1 showed two doublets at  H 0.47 (d, J = 4.1 Hz, H-19) and  H 0.13 (d, J = 4.1 Hz, H-19) that could be attributed to cyclopropane ring hydrogens, three secondary methyl groups ( H 0.89, d; 0.86, d, J = 6.4 Hz; 0.85, d, J = 7.0 Hz) and two tertiary methyl groups (0.89, s; 0.95, s). The spectrum showed no signals corresponding to methyl groups located at C-4. The 1 H NMR spectra (1D and 2D 1 H-1 H-COSY) also showed signals corresponding to a 3,4-dihydroxylated ring-A in triterpene (1) based on the chemical shifts and coupling constants for H-3 ( H 3.45, m, H-4; 3.12, dd, J = 10.0, 8.8 Hz)) and H-5' ( H 1.45). The H-4 ( H 3.12) coupling constants (dd, J = 10.0, 8.8 Hz) observed revealed axial-axial interactions with H-3 ( H 3.12) and H-5 ( H 3.12), as shown in 1b. The two doublets (J = 4.1 Hz) at  H 0.47 and 0.13 were attributed to methylene hydrogen cyclopropane (1) , which was confirmed in the HSQC spectrum by correlation with the 13 C signal at  C 26.4 (CH 2 -19) . Thus, these assignments were confirmed by direct ( 1 J H→C ) and long-range ( 2 J H→C and 3 J H→C ) heteronuclear hydrogen-carbon shift correlations observed in the HMQC and HMBC spectra, respectively, as shown in Table 1 . The signals corresponding to 28 carbon atoms (four quaternary, nine methine, ten methylene and five methyl) were assigned by comparative analysis involving various NMR spectra (Table 1) . This analysis and the molecular ion at m/z 416 [M] + provided by the low resolution mass spectrum (70 eV), in combination with the 1 H NMR (1D and 2D 1 H-1 H-COSY) and HSQC spectra, allowed the deduction of the expanded molecular formula (C) 4 (CH) 5 the absence of sp and sp 2 carbon atoms [13] . The peaks at m/z 401 (9.9%) and 303 (28.6%) in the mass spectrum were attributed to ionic fragments formed by loss of a methyl group ([M-. CH 3 ] + ) and side chain ([M-. C 8 H 17 ] + ), respectively, consistent with a pentacyclic triterpene system (Scheme 1). The mass spectrum of 1 also showed peaks at m/z 365 and 267,which were attributed to ionic fragments formed by elimination of two water molecules from fragments at m/z 401 and 303, respectively (Scheme 1) [14, 15] . The molecular ion at m/z 500 observed in the mass spectrum of 1a was also used to confirm the structure of this natural diol [16] .The principal fragmentation of 1a is shown in Scheme 1. Thus, the triterpenes isolated from Marcetia latifolia were characterized as 28,29-bis-norcycloartan-3β,4α-diol (1) and 28,29bis-norcycloart-en-3β,4α-diol (2) . To the best of our knowledge, these triterpenes have not yet been described in the literature and are the first cycloartanes isolated from the Melastomataceae family. The relative intensity of the signals for H-4 (1,  H 3.12, after subtraction of the relative intensity of the signal corresponding to H-24) and H-24 (2,  H 5.08) hydrogen atoms, found by integration of the respective signals in the 1 H NMR spectrum, was used to approximate the amount of each compound in the mixture as 70.4% of 1 and 29.6% of 2, respectively.
Virulence of Candida pathogens can be enhanced by production of extracellular proteolytic enzymes, and secreted aspartic proteases (Saps) are, therefore, studied as potential virulence factors and possible targets for therapeutic drug design [17] . In silico approaches are routinely used in modern drug design to help understand drug-receptor interactions. It has been shown that computational techniques can strongly support and help the design of novel, more potent inhibitors by revealing the mechanism of drug-receptor interactions. Some beneficial clues can also be inferred from these results that will be fruitful in designing novel inhibitors.
Recently, a crystallographic structure of the aspartyl protease of C. parapsilosis in complex with the HIV protease inhibitor ritonavir was published encouraging the application of structure-based
Cycloartanes from Marcetia latifolia Natural Product Communications Vol. 8 (8) 2013 1051 approaches to investigate the affinity of these natural products as potential inhibitors. Saps enhance the virulence of Candida pathogens, and thus these enzymes represent possible targets for therapeutic drug design. According to the method of validation cited in the literature [18] , the successful scoring function is the one in which the RMSD of the best docked conformation is ≤ 2.0 Å from the experimental one. In this study, RMSD values were 1.38.These results indicate that our docking methods are valid for the given structures and AutoDockVina 1.1.2, is, therefore, deemed reliable for docking. The co-crystallized aspartyl protease inhibitor, ritonavir, is outlined by THR-223, THR-224, ASP-80, ASP-220 and GLY-79 residues, which constitute part of the active binding site, as shown in Figure 2 . The energy affinity value of ritonavir from docking studies was -9.3 kcal/mol representing tight binding of this inhibitor. The energy affinity values of 1 and 2 were -7.7 and -7.5 kcal/mol, respectively, representing just random, not tight binding [19] . These results provide some beneficial clues in structural modification for designing new inhibitors against aspartyl protease.
The poor affinity of 1 and 2 toward aspartyl protease in silico studies can be clearly explained on the basis of our docking results. None of the residues of the binding site were found to interact with these compounds in terms of hydrophilic interactions, except ASP-220 and GLY-79, making these compounds have low affinity. The hydroxyl group of compound 1 is close to 3.06 Å of ASP-220, in contrast to the same group of compound 2 that is close to 2.99 Å of GLY-79 and 3.95 Å of ASP-220 forming a hydrogen bond, as shown in Figures 3A and 3B , respectively. Thus, these computational studies not only shed light on understanding the mechanism of aspartyl protease inhibition, but also provide precious insight for the rational improvement of inhibitory potency. Thus, these strategies can be explored to identify novel aspartyl protease drug candidates from natural sources.
Experimental
General procedures: MPs were uncorr. NMR, DRX 400 NMR spectrometer; GC, Shimadzu GC-2010 Gas Chromatograph. Glass capillary column (Rtx-1, 30 m x 0.25 mm) coated with dimethyl polysiloxane 100% (df = 0.25 m). Analytical GC conditions: nitrogen as carrier gas; total flow of 21.3 mL/min; injector port was set at 270C and flame ionization detector (FID) at 290C. The programmed temperature for the mixture analysis ranged (6C for min) from 150C to 270C (14 min In silico studies: The crystal structure of aspartyl protease of Candida parapsilosis (PDB ID: 3TNE) [20] was downloaded from the Protein Data Bank (www.rcsb.org/pdb). Compounds 1 and 2 were docked onto the active site of aspartyl preotease using AutoDockVina 1.1.2. [21] For docking experiments, ligand molecules were drawn in ChemBioDraw Ultra 12.0 and converted to their 3-dimensional structures in ChemBio3D Ultra 12.0. The standard docking procedure was used for a rigid protein and a flexible ligand whose torsion angles were identified (for 10 independent runs per ligand). A grid of 26, 26 and 26 points in x,y, and z directions was built with a grid spacing of 1.0 Å. The default settings were used for all other parameters. At the end of docking, the best poses were analyzed for hydrogen bonding and Root Mean Square Deviation (RMSD) calculations were made using PyMOL 0.99 [22] .
Molecular modeling experiments were performed in 3 parts: in silico preparation of receptor and ligands, docking, and validation.
The receptor structure was prepared for docking by the addition of hydrogens and charges on the Biopolymer module implemented in Sybyl-X 1.2 (Tripos, St. Louis, MO). Ligand preparation required additional charges and energy minimization by the PM3 method on Sybyl-X 1.2. Docking studies were performed using AutoDockVina 1.0.1 [21] . To validate the accuracy of AutoDockVina 1.1.2 as an appropriate docking tool for the present purpose, the co-crystallized ligand (ritonavir) was docked within the inhibitor-binding cavity of aspartyl protease and the docked position was compared with the crystal structure position by calculating RMSD values. As a general rule, if the best-docked conformation of a ligand resembles the bound native ligand in the experimental crystal structure, the used scoring function is said to be successful.
